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ABSTRACT 

We analyze a sample of 105 clusters having virial mass homogeneously estimated and for which galaxy 
magnitudes are available with a well defined high degree of completeness. In particular, we consider a 
subsample of 89 clusters with Bj band galaxy magnitudes taken from the COSMOS/UKST Southern 
Sky Object Catalogue. 

After suitable magnitude corrections and uniform conversions to Bj band, we compute cluster lumi- 
nosities L^j within several clustercentric distances, 0.5,1.0,1.5 Mpc and within the virialization 
radius Rvir- In particular, we use the luminosity function and background counts estimated by Lumsden 
et al. (1997) on the Edinburgh/Durham Southern Galaxy Catalogue, which is the well-calibrated part 
of the COSMOS catalogue. We analyze the effect of several uncertainties connected to photometric data, 
fore/background removal, and extrapolation below the completeness limit of the photometry, in order 
to assess the robustness of our cluster luminosity estimates. 

We draw our results on the relations between luminosity and dynamical quantities from the COSMOS 
sample by considering mass and luminosities determined within the virialization radius. We find a 
very good correlation between cluster luminosity. Lb , and galaxy velocity dispersion, cr^ , with Lb oc 

(T„ . Our estimate of typical value for the mass-to-light ratio is M/Lb^ ^ 250 HMq/Lq . We 
do not find any correlation of M/Lb^ with cluster morphologies, i.e. Rood-Sastry and Bautz-Morgan 
types, and only a weak significant correlation with cluster richness. 

We find that mass has a slight, but significant, tendency to increase faster than the luminosity does, 

1 n -1 o 

M oc Ljj' ■ . We verify the robustness of this relation against a number of possible systematics. We 
verify that this increasing trend of M/L with cluster mass cannot be entirely due to a higher spiral 
fraction in poorer clusters, thus suggesting that a similar result would also be found by using R band 
galaxy magnitudes. 

Subject headings: galaxies: clusters: general - galaxies: fundamental parameters - cosmology: observa- 
tions. 

1 INTRODUCTION M/Ly - 200-300 HMq/Lq for seven groups/clusters 

Smce the work by Zwicky ( 933), it is well known that 39 ^j^^^^^^ ^^^^g ^^g^ ^^^^^^ ^^^^ ^j^^^^^,^ g^^,_ 

the luminous matter associated to galaxies in clusters pro- . j • ^ 1 1 aaoi ^ o n i r j 

r , 1 , vey, Adami et al. 1998b). Small values are tound 

vides only a small part of the total cluster mass. Pio- 1-^1 r j-j-xi^ at/t onn 

also m the case ot more distant clusters M/Lb. ^ 300 
neering works typically found mass-to-optical-luminosity ^ ^^/^^ (Carlberg et al. 1996 for clusters of the Cana- 
ratios, M L, of several hundreds in solar units. For in- ^^^^ ^etwov], for Observational Cosmology, CNOC). How- 

stance Faber & Gallagher (1979) computed Af/L lor seven u- u 1 c t\tit \. u i-u ^.^ c a 

o \ J f I ever, high values ol M/L have been still recently found 

clusters and reported a median value of M/Ly ~ 580 ^^^^ ^^ggg^^ ^^^^ ^^/^^ ^ 760-1600 

hMr?. Lr:-. , where Ly is the V band luminosity, corre- , ir c a c-re r 1 * 

: T, I 11 /i M0/L0 for A576 from optical mass estimates, 

spending to M Lb ~ 750 hMf-j/Lp) when using B band . j-j-4-i, -j i\t/t ■ t 

t> / u/ u t> According to the common wisdom, Ai / L increases from 

luminosity (hereafter h is the Hubble constant in units of j j 1 ^ Blumenthal et al. 1984), and 

100 km s-i Mpc-i . Dressier (1978b found M Lr ~ \ \ wv, 1 1 V 1 f f ^ v u- 

, ' , , ' ' saturates at the level ot galaxy systems (see also Rubin 

200-600 hMpi/Lr.') for eight clusters (corresponding to mno o i, n t u- j t-v innc\ rri, i • 

^ , / \ o 1 1 1993: Bahcall, Lubm, and Dorman 1995). The analysis 

about A'//Lb ~ 300-900 n. Af(7) /Lr ). Subsequent analyses , u- /inno\ -t j j-t, j- u -t u 

' , , , 1 by Rubm (1993) suggested that all systems have a con- 

ol mass estimates based on optical and X-ray data mdi- . , r n.r/T onn i, a-t /r f 11 j-u 

, ^ , , r A stant ratio of Al/iyB ~ 200 ft M0/L0 tor scales larger than 

cated smaller values: M/Lb = J f 0/^0 for A194 ^^^^^.^^^ ^ ^g^^r,^^^ ^^^^ ^^^^^ 

by Chapman, Geller, & Huchra (1988); M Lb — 200 , iJfuj-i,j-4-i c 

I n I a terns could be roughly accounted tor by the total mass 01 

hMr^ Lr.) for Perseus cluster by Eyles et al. (1991); ■ , 1 • ^ 1 o u u i 1 mncx 

^' ^ J J \ n their member galaxies (see also Bahcall et al. 1995). 
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The above results are based on M/L estimates for in- 
dividual clusters or for small cluster samples. Indeed, 
observational difficulties prevented from building a large 
M/L data base, where both masses and luminosities are 
computed in a homogeneous way. The determination of 
cluster luminosities is fraught with several uncertainties, 
related to corrections for Galactic extinction and back- 
ground galaxy contamination, calibration of the photome- 
try, and correction of (the usual) isophotal galaxy magni- 
tudes to total magnitudes. Further complications arise due 
to the need of extrapolating the sum of the measured lumi- 
nosities of the cluster members to include galaxies below 
the completeness limit of the photometry, and to include 
the outer parts of the cluster beyond the region studied. 
These difficulties limited the number of clusters with ho- 
mogeneous luminosity determinations (e.g. Oemler 1974 
- 15 clusters; Dressier 1978a - 12 clusters; Adami et al. 
1998a - 29 clusters; Carlberg et al. 1996 - 16 distant clus- 
ters). 

Also the estimate of cluster masses is not an easy task 
in spite of the various methods which are applied. Cluster 
masses are inferred from either X ray or optical data, un- 
der the general hypothesis of dynamical equilibrium. Es- 
timates based on gravitational lensing do not require as- 
sumptions about the dynamical status of the cluster, but 
a good knowledge of the geometry of the potential well is 
necessary (e.g., Narayan & Bartelmann 1996). Claims for 
a discrepancy (by a factor of 2-3) between cluster masses 
obtained with different methods casted doubts about the 
general reliability of mass estimates (e.g., Wu & Fang 
1997). However, recent analyses have shown that such dis- 
crepancies can be explained by the different way in which 
strong cluster substructures bias mass estimates based on 
different methods (Allen 1997; Girardi et al. 1997). In 
particular, Girardi et al. (1998b, hereafter G98) showed 
that, for nearby clusters without strong substructures, a 
good overall agreement exists between X-ray and optical 
mass estimates. A similar result was obtained by Lewis et 
al. (1999) for the distant clusters of CNOC. 

The sample of 170 nearby clusters analyzed by G98 
is the largest one available with homogeneous mass es- 
timates. Therefore, this sample is suitable for M/L de- 
terminations once a proper analysis of cluster luminosi- 
ties is made. To this purpose, we resort to the large 
homogeneous data base for Bj galaxy photometry pro- 
vided by the COSMOS/UKST Southern Sky Object Cat- 
alogue (Yentis et al. 1992). We use the results from the 
careful work by Lumsden et al. (1997, hereafter L97) on 
the well-calibrated part of the COSMOS catalogue known 
as the Edinburgh/Durham Southern Galaxy Catalogue 
(EDSGC, Heydon-Dumbleton, Colhns, & MacGillivray 
1989). In particular, we use their best fit luminosity func- 
tion and their counts of background galaxies for estimating 
cluster luminosities. 

The paper is organized as follows. We describe the data 
sample and compute cluster luminosities in § 2 and § 3, 
respectively. The resulting luminosities and relative un- 
certainties are analyzed in § 4. We compute mass-to-light 



ratios in § 5. We devote § 6 to the analysis of the relations 
between luminosity and dynamical quantities. We discuss 
our results in § 7, while we give in § 8 a brief summary of 
our main results and draw our conclusions. 

2 THE DATA SAMPLE 

Prom the sample of nearby clusters {z < 0.15) analyzed 
by G98 we draw a subsamplc of 105 clusters for which 
galaxy magnitudes are available. In particular, we avoid 
the G98 clusters which show two peaks either in the ve- 
locity or in the projected galaxy distribution, as well as 
clusters with uncertain dynamics (cf. § 2 of G98). We 
also exclude A3562 which overlaps with SC1329-314 and 
A754, which is well-known for having a bimodal structure 
(e.g. Zabludoff & Zaritsky 1995). From the G98 analysis 
we take for each cluster: the line-of-sight velocity disper- 
sion (Ty , the radius of virialization Rmr , and the virial mass 
M within FLuir- For an appropriate comparison between 
masses and luminosities, the latter are computed within 
regions centered on the same cluster centers used by G98. 

2.1 The COSMOS Sample 

Wc draw most of our results from a homogeneous sample 
of 89 clusters (" C-sample" hereafter) for which galaxy Bj 
magnitudes and positions are available from the COSMOS 
catalogue (Yentis et al. 1992); 20 out of these 89 clusters 
are in the EDSGC (Heydon-Dumbleton et al. 1989). 

The EDSGC is nominally quasi-complete to Bj = 20. A 
more conservative limiting apparent magnitude was sug- 
gested by Valotto et al. (1997) who found that galaxy 
counts follow a uniform law for Bj < 19.4. Accordingly, 
we decide to adopt a limiting magnitude of Bj = 19.4 
for the entire COSMOS catalog. By using data of the 
ESO Nearby Abell Cluster Survey (EN ACS), Katgert et 
al. (1998) assessed that COSMOS is 91% complete and 
suggested that this completeness is more appropriate for 
areas with high surface density, rather than the nominal 
95% of the catalog (Heydon-Dumbleton et al. 1989). We 
adopt a value of 91% for the cluster completeness in the 
C-sample. 

For each cluster we select circular regions with a ra- 
dius taken to be the largest between Rmr and the Abell 
radius (1.5 Mpc). For some clusters the data sam- 
ple is obtained by joining data from more than one plate, 
since both magnitude and position inter-plate variations 
are small (Hcydon-Dmnblcton et al. 1989; Drinkwater, 
Barnes, and Ellison 1995). 

We correct each galaxy magnitude for (1) Galactic ab- 
sorption by assuming the absorption in blue band as given 
by de Vaucouleurs et al. (1991), and (2) iiT-dimming by 
assuming that all galaxies lie at the average cluster red- 
shift (CoUess 1989). Moreover, we apply the correction 
of L97 to convert COSMOS Bj magnitudes to the CCD 
based magnitude scale. This correction is consistent with 
our choice to use the luminosity function and counts by 
L97. 

Finally, we note that COSMOS magnitudes are isopho- 
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tal magnitudes (the threshold is on average only 8% above 
the sky, cf. Heydon-Dumbleton, Collins, & MacGillivray 
1988). However, Shanks, Stevenson, & Fong (1984) argue 
that only at faint limit (well below our limiting magnitude) 
the difference between COSMOS magnitudes and "total" 
magnitudes becomes significant. 

2.2 Other Samples 

In addition to the C-sample, we also analyze two cluster 
samples which are not homogeneus in their photometry in 
order to enlarge the list of available cluster luminosities as 
well as to perform a more accurate analysis of the errors 
associated to the computation of luminosities. 

The second sample contains data for 39 clusters which 
have published galaxy positions and magnitudes down to 
a given completeness magnitude and are sampled at least 
out to 0.5 Mpc ("M-sample", hereafter). This sam- 
ple is inhomogeneous in photometry since it contains 25, 
2, and 12 clusters with photometry in blue, visual, and red 
bands, respectively. 

A third sample ("Z-sample", hereafter) includes those 
17 clusters of the M-sample, for which galaxy redshifts are 
also available within a certain level of completeness. We 
include in this sample also Ursa Major and A3558, thus 
ending up with 19 clusters in the Z-sample. The Ursa 
Major cluster data have galaxy redshifts of only cluster 
members up to a given completeness magnitude limit. For 
A3558 we use the redshift compilation by Bardelli et al. 
(1998, which now also include EN ACS data) where magni- 
tudes are taken from the COSMOS catalog, with a result- 
ing completeness of 97% for Bj < 18 within ~ 0.75 
Mpc. 

For clusters of the M and Z samples we adopt the; lim- 
iting magnitude and the level of completeness provided by 
the authors of data within the respective region of com- 
pleteness. For clusters of the Z sample wc consider only 
galaxies identified as cluster members: for cluster data in 
common with G98 we use their member identification after 
the peak selection in velocity distribution via the adaptive 
kernel method and the shifting gapper (see also Fadda et 
al. 1996). For new cluster data we apply this same pro- 
cedure for cluster member identification. The M- sample 
is generally superior to the Z-sample in the photometry 
depth (the median limiting absolute magnitude of M- 
clusters is Mb^ = —17.6 comparable to that of C clusters, 
and only Mb^ = —18.4 for Z-clusters). The advantage 
of considering the Z-sample is that no fore/background 
subtraction is needed to estimate luminosities (§ 3). 

Table 1 lists the properties of the M- and Z-samples, 
respectively: the source of photometric data (Col. 2); 
the original magnitude band and the respective limiting 
apparent magnitude (Cols. 3 and 4); the completeness 
(Col. 5), defined as the fraction of galaxies brighter than 
the magnitude limit used in our analysis. For the M— 
samples this fraction is given by all the galaxies with mea- 
sured magnitues, while for the Z-sample is given by the 
galaxies for which both magnitudes and redshifts are avail- 
able. 
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We correct each galaxy magnitude for: (1) galactic ab- 
sorption by assuming the absorption in blue band as given 
by de Vaucouleurs et al. (1991) and transformed to vi- 
sual and red bands according to Sandage (1973); (2) K- 
dimming by assuming that all galaxies lie at the average 
cluster redshift. We adopt the i^-dimming corrections 
given by Colless (1989) for blue band, and by Sandage 
(1973) for visual and red bands. 

Then, in order to homogeneize the photometry, we con- 
vert all magnitudes into the Bj band. In particular, since 
magnitudes measured by APM and COSMOS machines 
suflFer from similar systematic effects (Metcalfe, Fong & 
Shanks 1995), we apply the same correction, already ap- 
plied to COSMOS magnitudes, to APM magnitudes in 
order to convert Bj magnitudes to the CCD based magni- 
tude scale (cf. § 2.1). We transform B band magnitudes 
into the Bj band by the expression Bj = B + 0.28(i? — V) 
(Blair & Gilmore 1982; see also Metcalfe et al. 1995, 
and Maddox, Efstathiou, & Sutherland 1990). Magni- 
tudes in other bands are converted to the B and then to 
Bj band, according to the following procedure: by using 
eqs. (6) and (7) by Kirshner, Oemler, & Schcchter (1978) 
for Bzwicky] by using B = V + {B — V) for the V band; 
by using B = R + {B - V) + {V - R) fov the R band or 
the F band (assuming i? = as in Lugger 1989; see also 
Trevese, Cirimele, & Appodia 1996). In the above conver- 
sions we use the colors for the appropriate galaxy morpho- 
logical type (Buta et al. 1994; Buta & WiUiams 1995) or, 
when morphology is unknown (i.e. for all C-clusters and 
for most of the other clusters), the typical colors of early 
type galaxies {B -V) = 0.9 and {V - R) = 0.55. Magni- 
tudes in the r band by Gunn are reported to R band with 
r = R + 0.35 (J0rgensen 1994, see also Geller et al. 1997) 
and then to B and to Bj bands. In general, the magnitude 
bands are isophotal and we do not correct for this effect. 



3 COMPUTING THE CLUSTER 
LUMINOSITIES 

Observed luminosities are computed within several clus- 
tercentric regions defined by the virialization radius, Rvir, 
and by the fixed apertures 0.5, 1, 1.5 Mpc. We al- 
ways avoid extrapolating the luminosity to include the 
outer parts of the clusters beyond the completeness region. 
Therefore, for C-clusters we can compute luminosities in 
all the above cluster regions, while for M- and Z'-clusters 
we can always compute luminosities within 0.5 Mpc, 
but only in some cases within more extended regions. 

Observed cluster luminosities, LBj,obsi are obtained by 
summing the individual absolute luminosities of all galax- 
ies and assuming -Bj.© = 5.33 (i.e. Bq = 5.48 and using 
the conversion to Bj by Kron 1978). 

The resulting absolute luminosities and the number 
counts are corrected for partial sampling incompleteness 
of the original samples by dividing them by the nominal 
completeness, as provided in the literature (see Table 1). 
This amounts to assume that the correction for incom- 
pleteness is the same for counts and luminosities. This 
assumption is certainly appropriate for C-clusters, since 
Katgert et al. (1998) already found that the magnitude 
distribution of missing galaxies is essentially the same as 
for sampled galaxies. 

Luminosities of C- and M-clusters need to be cor- 
rected for fore/background contamination. We compute 
the corrected luminosity, LBj,corr, by subtracting the av- 
erage fore/background luminosity obtained from the mean 
field Bj counts of L97 (cf. their Figure 2) and assuming 
a 95% completeness for the COSMOS catalog (Heydon- 
Dumbleton et al. 1989). Corrected counts Ncorr are then 
obtained in a similar way. The limitation of this proce- 
dure is that local fluctuations of the luminosity field are 
not taken into account. 

As an alternative, we also consider the method recently 
used by Adami et al. (1998a) in the analysis of the funda- 
mental plane of ENACS clusters. This method is based on 
applying suitable corrections, Lsj^corr = Lsj^obs * /l and 
Ncorr = Nobs * f N i undcr the assumption that the fraction 
of the luminosity, //,, and the fraction of the number, /jv, 
of cluster galaxies within the selected fields in the present 
samples are the same as in the G98 samples. The G98 
samples were collected by requiring that redshifts were 
available for all galaxies, thus allowing the definition of 
galaxy membership. We adopt /l = Jn for those G98 
clusters for which magnitudes are not availabk\ 

The median fore/background correction for C and M- 
clusters lies in the range ~ 15-40% depending on the 
method and on the extension of the cluster area (in par- 
ticular it is 20 30% within Rvir)- 

In order to obtain the total cluster luminosity, we need 
to extrapolate the above luminosities to include galax- 
ies below the magnitude completeness limit. We adopt 
the usual Schechter (1976) form for the cluster luminosity 
function, hereafter LF, to obtain the total cluster luminos- 
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ity: 

LB„tot = LB„corr + ^*L* a^^+^e'^rfa;, (1) 

where LBj,corr is the observed cluster luminosity corrected 
for incompleteness and fore/background subtraction, 
is the luminosity corresponding to the limiting magnitude, 
Lmin corresponds to a cut-off for the minimum galaxy 
luminosity (here we adopt Z/mm = W~^L*), and L*, a, 
and <&* arc the parameters of the LF. We adopt the LF 
parameters determined by L97, i.e. the L* value corre- 
sponding to the absolute magnitude M^. = —20.16 and 
a = —1.22. L97 derived their best fit of LF over the range 
—18 to —21 in Mbj, for a composite sample of 22 clus- 
ters. The $* parameter is determined from the observed 
(corrected) galaxy number counts for —21 < Mb^ < —18, 
Ar,„^^(-21,-18): 

.Z,(-21)/Z,* 

^* = N^rr{-21,-18)/ x'^e-'^dx, (2) 

Jl{-is)/l* 

where L{—18) and L{—21) are the luminosities corre- 
sponding to absolute magnitudes of Mbj = —18 and 
Mb J = —21, respectively. If the absolute limiting mag- 
nitude is brighter than Mb^ = —18, we take Lum for the 
lower integration limit in cq. (2) . Due to the extrapolation 
to faint magnitudes, the luminosity typically increases by 
~ 15-20% for C- and M-clusters and more than twice for 
Z-clusters. 

The final luminosity estimates Lbj {LBj,c or Lb^j if the 
L97 counts or fractions are used for the fore/background 
rejection, respectively) take into account the internal 
galactic absorption by adopting a correction of Ai?j = 0.1 
mag. Due to this correction, the luminosity increases by 
about 10%. 

Table 2 lists the cluster luminosities: the sample to 
which the cluster belongs (Col. 2); the adopted cluster 
center (Col. 3); the number of galaxies and the cluster 
luminosities calculated within 0.5, 1, and 1.5 Mpc 
(Cols. 4-9); the virialization radius Ryir (Col. 10), the 
number of galaxies, N{Ryir), and the cluster luminosities. 
LBj{Rvir), calculated within R^ir (Cols. 11 and 12). We 
list both Lbj,c and Lb^j within 0.5, 1 Mpc, and Ryir, 
while we list only Lbj,c within 1.5 Mpc (see § 4.1 
below). 

4 ROBUSTNESS OF LUMINOSITY ESTIMATES 

Our determination of cluster luminosities is fraught 
with uncertainties connected to original photometric data 
(quality and calibration of the photometry, and com- 
pleteness estimate), with magnitude corrections and con- 
versions, as well as with uncertainties connected with 
the corrections applied to observed luminosities (i.e. 
fore/background subtraction and extrapolation to faint 
magnitudes). In the following we analyse possible random 
and systematics errors, by devoting particular care to C- 
clusters which will be used to obtain our main results (cf. 
§6). 



4-1 Estimate of fore/background Contributions 

In our analysis we consider two different ways of estimat- 
ing fore/background corrections in the computation of the 
Lbj,c and Lb^j, respectively. 

As for Lsj.c, the most direct approach would be using 
the L97 counts for fore/background removal. However, 
this method does not take into account the local field-to- 
field count variations, which lead to random errors. As a 
possible remedy, one can estimate the background for each 
clustc^r by using counts within distant external annuli. On 
the other hand, Rauzy, Adami, & Mazure (1998) pointed 
out that changes in the local field are so strong as to make 
this method not free of intrinsic biases (e.g., due to the 
presence of a nearby group along the cluster line-of-sight). 
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Fig. 1. — For C- clusters we show the comparison between 
LBj,c and Lb^j, two alternative luminosity estimates differ- 
ing for the method of forc/background correction (sec text), as 
computed within several cluster regions. Luminosities are in 
units of Lq. Heavy lines represent the linear fits. 

It is clear that having redshifts for all galaxies would 
allow an unambiguous determination of the cluster mem- 
bership. By using the G98 sample of galaxy redshifts for a 
list of clusters, we estimate for each cluster the luminosity 
fraction, Jl, of galaxies which are recognized as genuine 
members. This fraction is then used to correct the ob- 
served luminosity. However, fj, depends on the magnitude 
limit and on the extension of the sampled region around 
the cluster. Since the G98 redshift samples are in general 
shallower and less spatially extended than the magnitude 
samples we are dealing with, this could introduce system- 
atic errors, thus leading to an overestimate of the true 
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TABLE 2 



CONTINUED 


Name 


Sample 


Center 


A'^(0.5) 


Lb- (0.5)" 


Ar(i.o) 




Ar(i.5) 


Lb^(1.5)° 












a(195U) — o(195U) 




mil L— 2 T 

10 re Lq 




1 nil L— 2 r 
10 re Lq 
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10 re Lq 


Ad8U9 


C 


214405.9-440914 


63 


3.3, 3.6 
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134 


9.0 


1.00 
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105 
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M(Red) 
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47 


2.4, 2.4 










1.05 






MKW4 


Z 


120146.5+020748 
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M(Blue) 
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" For C- and M-clusters we report both LBj,c and Lb^j within 0.5 
and 1.0 Mpc , and Rvir\ we report only Lb^^c within 1.5. The 
asterisk, *, denotes luminosity estimates which result negative values; 
this happens for two poor clusters (S753 and Eridanus) whose local 
galaxy field is much poorer than the mean field. 
The sample of A1656 in Bzwicky~^^S^^^^^^ band (cf. Table 1). 

LbjJ- In addition to this systematic uncertainty, there is 
also a random uncertainty due to the fact that the G98 
sample has neither a homogeneous magnitude limit nor a 
uniform spatial extension around each cluster. 

In order to estimate by how much such uncertainties 
affect our estimates of cluster luminosities, we compare 
in Figure 1 Lb^.c and Lb^j for C-clusters within differ- 
ent radii. It is apparent that these two alternative es- 
timates are in overall agreement, although within some 
scatter. While the scatter provides an estimate of the 
random errors, the agreement indicates that any sistem- 
atic bias should not seriously pollute our analysis. For 



instance, for C-clusters we find a scatter of ~ 30% and 
LBj.c/LBj.f — 0.88 for luminosities estimated within Rmr- 
Somewhat different results hold for luminosities within 
1.5 Mpc (cf. lower-right panel in Fig. 1). In this 
case, the discrepancy is due to the fact that redshift data 
generally sample clusters only out to their typical size. 
This turns into high, unreliable L Sj j determinations when 
poor clusters are examined within the large region encom- 
passed by the 1.5/i~^ Mpc radius. For this reason we do 
not report in Table 2 Lb^j luminosities computed within 
this radius. 

Another way of assessing the impact of fore/background 
corrections is based on comparing the luminosities of the 
Z-clustcrs, which are free from these corrections (cf. §2.2), 
with those of the corresponding M-clusters (or C-cluster 
for A3558), which have the same original photometry. For 
this comparison we use luminosities within 0.5 Mpc, so 
as to maximize the number of clusters (18) which belong to 
both samples. Figure 2 shows that there is no appreciable 
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systematic effect and that the scatter is about 10%. Al- 
lowing for larger and deeper data samples, it is reasonable 
to expect that the contribution of fore/background correc- 
tions to random errors increases to ^ 20%, thus compara- 
ble to the above estimate of the scatter (cf. Fig. 1). 




10" 10'2 10'3 

Lb(<0.5 h-' Mpc) Z-clusters 




I^(<0.5 h-' Mpc) Z-clusters 

Fig. 2. — The comparison between luminosities computed 

for Z-clustors (which do not need fore/background correc- 
tion) and the corresponding clusters in C- and M- samples, 
which have the same original photometry and which require 
forc/background correction. Wc consider both Lb^.c (top- 
panel) and LbjJ (bottom-panel). Luminosities are in units 
of Lq. Heavy lines represent the linear fits. 

As a further test of the robustness of our results, we 
consider those 51 C-clusters whose corresponding red- 
shift samples are based on ENACS data and compare 
our derived with those by the original ENACS anal- 
ysis of Adami et al. (1998a). They analyzed well sam- 
pled ENACS clusters and found that their luminosity frac- 
tions, fL{EN ACS), are not significantly biased with re- 
spect to those appropriate for COSMOS data. They found 
fL{ENACS) = 0.83 within a typical area of 1 /i'^ Mpc^, 
thus quite similar to our median fi, of 0.88 within 0.5 
Mpc. 

As for the estimates of Lbj^c, in order to ulteri- 
orly check the efi'ect of systematic uncertainties from 
fore/background corrections, we resort to the background 
galaxy counts by L97. These counts have been estimated 
from the large area (~ 0.5 sr) of the EDSGC, which is 
the well-calibrated part of the COSMOS catalogue. L97 
found a general consistency with the previous results by 
Maddox et al. (1990b), which is the only other analysis 
based on a significantly large area (i.e., the APM sample). 



where automated procedures to estimate magnitudes have 
been applied. A 20% larger estimate is reported by CoUess 
(1989) who, however, used data from smaller areas. Even 
using this larger background estimate, we find that i/B^-.c 
only decreases by <; 10%. 

4-2 The Extrapolation to Faint Galaxies 

The precise amount of the luminosity correction due to 
the extrapolation to faint galaxies depends on the assumed 
cluster galaxy LF. Here we assume the usual Schechter 
form (1976) with parameters estimated by L97. As for the 
LF parameters, there is a general good agreement among 
several determination of M*, while significantly different 
determinations of the parameter a have been found by 
other authors (cf. Rauzy et al. 1998). Such determina- 
tions typically vary in the range —1.5,-1 (see also Mari- 
noni et al. 1999 for a discussion on this point). We find for 
C-clusters that the medians of the luminosity variations 
are +18% (—6%) when considering a = —1.5 {a = —1.0) 
instead of a = —1.22, as adopted by L97. 

Furthermore, we also consider the possibility of a steep- 
ening of the LF at its faint magnitudes (e.g. Biviano et al. 
1995; De Propris & Pritchet 1998; Trentham 1998) with 
respect to a Schechter LF. In particular, the comprehen- 
sive work by Trentham (1998) shows that the local slope 
of the LF steepens from a ~ —1.4 at Mb ~ —16 and —15 
mag to a ~ —1.8 at Mb ^ —11 mag. Following Zucca 
et al. (1997), we consider here a simplified model based 
on a Schechter function and a power law for the high- 
and low luminosity part of the LF and use their same pa- 
rameters, /3 = —1.6 for the exponent of the power law and 
Mbj = —17 for the luminosity which separates the two LF 
regimes. As a result, we find that luminosities increases 
by less than 10%. 

Our LF extrapolation to faint magnitudes implicitely as- 
sumes that there is no spatial variations of the LF within 
each cluster and among different clusters. These assump- 
tions are supported by several evidences (e.g.. Lugger 1986; 
Colless 1989; Metcalfe, Godwin, & Peach 1994; Valotto et 
al. 1997; Trentham 1998; Rauzy et al. 1998; see, however. 
Driver, Couch & Phillips 1998). In the present analysis 
we assume that possible differences lead to random errors 
which are comparable to the above ~ 10% systematics. 
This point will be further discussed in § 6.3 below, when 
we will discuss possible systematics affecting the M-Lbj 
relation. 

4-3 Comparison between C- vs. M -Luminosities 

We estimate the errors connected with the original pho- 
tometric samples (magnitudes and nominal completeness) 
and with our corrections/conversions of magnitudes by 
comparing luminosities computed for C-clusters to those 
computed for the same clusters in the M-sample. Figure 3 
shows the result of the comparison for the 22 clusters in 
common. There is no evidence of a significant systematic 
effect, although within a rather large scatter (~ 20%). 
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4-4 Error Estimates 

From the above analysis we estimate that both ran- 
dom and systematic errors in the cluster luminosities are 
~ 20 — 30%. Finally, we stress that our luminosities have 
been computed by using the cluster centers reported in 
Table 2. After recomputing luminosities for 34 C-clusters 
with X-ray determined centers (Ebeling et al. 1997), 
which differ by ~ 0.1 Mpc from the optical cen- 
ters we adopt in this work, we find a typical difference of 
~ 5% for luminosities within R^ir and of ~ 10% for lumi- 
nosities within 0.5 Mpc. Since the centers we use for 
luminosities are the same used by G98 for mass determi- 
nations, this kind of error is not taken into account in our 
following analysis. 



I 



10" 



1 1 — I — I I I I 1 1 r- 

I^„(<0.5 h-' Mpc) 
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Fig. 3. — The comparison between is^ .c luminosities computed 
for C-clusters and the corresponding clusters in M- sample, 
which differ for the original photometry. Circles, crosses, and 
squares denote original blue, visual, and red magnitudes, re- 
spectively. Luminosities are units of Lq. The heavy line 
represents the linear fit. 



5 COMPUTING THE MASS-TO-LIGHT 
RATIOS 

G98 give the virial masses M within and Girardi 

et al. (1998a) use these masses to obtain those within 
1.5 Mpc by rescaling according to the galaxy distri- 
bution, which is assumed to follow the mass distribution. 
Here we obtain masses within 0.5 and 1.0 Mpc by 
following a similar procedure. 

By averaging the M/Lb^ values for C-clusters, we find 
no appreciable variation with increasing radius, as ex- 
pected from the underlying assumption that mass follows 
galaxy distribution and from the scarce relevance of lumi- 
nosity segregation (e.g. Biviano et al. 1992; Stein 1997). 
For each cluster we report in Table 3 (Col. 2) the mini- 
mum and maximum M/ Lbj values among those obtained 
by varying the radius, the data sample and the method to 
estimate luminosities. We also give the values of M/Lbj,c 
and M/Lb^j within Ryir for clusters belonging to the C- 
sample (Cols. 3 and 4). 



6 THE RELATIONS BETWEEN LUMINOSITY 
AND DYNAA/IICAL QUANTITIES 

We draw our following results from the analysis of the 
89 clusters of the C-sample, which is characterized by a 
homogeneous photometry and well defined completeness 
criteria. In particular, here we limit our analysis to mass 
and luminosities as computed within Ryir so that the cor- 
relations between cluster properties will be obtained at a 
fixed physical scale. 

6.1 The Lbj-Ov relation 

Considering the relation between luminosity and (line- 
of-sight) velocity dispersion, cr„, has the advantage that 
the latter quantity is the directly observable one. In 
fact, the step from to virial mass estimate requires the 
additional assumption that mass distribution follows the 
galaxy distribution (cf. G98). We use the values, which 
can be considered representative of the total kinetic energy 
of galaxies, as given by G98 (see also Fadda et al. 1996). 




100 1000 
CT, / [km s-'] 
-1 1 — r— 




10'° 



100 1000 
a, / [km s"'] 

Fig. 4. — The relation between luminosity within Rvir and ve- 
locity dispersion. We consider both I/B^.,c (top panel) andLs^,/ 
(bottom panel). Lines represent the linear fits: dashed lines 
give the direct and the inverse fits, while the solid line gives 
the bisecting line. 

We fit a regression line in the logarithmic plane, 
Lbj/Lbj,® = lO'^a'' (see Figure 4). Using unweighted fits 
(Isobe et al. 1990), we calculate both the direct and the 
inverse, as well as the bisecting line. Since (random) errors 
on the variables are comparable (~ 20-30% for luminosi- 
ties and 12% for velocity dispersions, cf. § 4.4 and G98) 
the bisecting line should provide the most appropriate 
regression relation. We obtain a = 6.24 ± 0.46 and 
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TABLE 3 



CONTINUED 



Name M/Lb- (range) M/Lb-,c (C-clusters) M/Lg. j (C-clusters) 
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b = 2.07±0.16 for Lb,,c (with b = 1.72 and 2.56 for the di- 
rect and inverse fits) and a = 5.73±0.27 and b = 2.26±0.10 
for LbjJ (with b = 2.10 and 2.45 for the direct and inverse 
fits). The scatter is ~ 25% for Lbj,c and 15% for Lb^j- 



Alternatively, we also apply a weighted regression line 
(e.g. Press et al. 1992), by varying the errors on Lb j in 
the range of 20-30% and considering both a 12% error in 
ay and the nominal ay errors given by G98. We find that 
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b varies in the ranges 2.0-2.5 and 2.2-2.4 for Lb ,c and 
LbjJ, respectively. Moreover, the small scatter in the 
Lb^j-Cv relation can be accounted for by the assumed 
errors. On the contrary, the large scatter of LBj,c-crv can 
not be completely accounted for by errors in Lb^.c and cr„. 

The better defined correlation with (t„ suggests that the 
Lb J values are less affected by random errors than Lb ,c- 
This is consistent with the fact that Lb j is computed by 
using local field subtractions, while mean field corrections 
are applied for the Lbj^c computation. 

6.2 The AI/Lbj ratios and the M - Lbj relation 

We find M/Lb^,c = 251^29 and M/Lb^j = 229^11 for 
the median values of the mass-to-light ratios, with errors 
corresponding to 90% c.l. intervals. 



600 



a 400 



200 




Fig. 5. — The behaviour of mass-to-light ratio vs. cluster rich- 
ness. Points are median values with 90% c.l. error bars. Solid 
and open points come from LBj,c and Lb^j estimates, respec- 
tively. 

In order to explore the behavior of M/ Lb with respect 
to cluster properties, we look for possible correlations with 
cluster morphology, i.e Bautz-Morgan type (86 clusters, 
types taken from Abell, Corwin, & Olowin 1989), Rood- 
Sastry type (40 clusters, types taken from Struble & Rood 
1987 and from Struble & Ftaclas 1994), and with cluster 
richness class R. We find only a weak significant correla- 
tion with R (i.e. ^ 95% c.l.). Figure 5 shows the median 
M/Lsj vs. R where M/Lb^ increases with R and then 
flattens for the richest i? > 3 clusters. 

In order to better examine a possible increasing of 
M/Lb from poor to rich structures, we avoid analyzing 
the behavior of M/Lb^ vs. M or Lb^ because M/Lb^ is 
defined as a function of M and L b^ , and therefore we were 
plotting correlated quantities (see, e.g., Mezzetti, Giuricin, 
& Mardirossian 1982). Instead, we directly examine the 
M-L Bj relation by fitting a regression line in the logarith- 
mic plane, 

M / Lb, V 



Ma 



= 10= 



As for the Lb j luminosity, we obtain c — —0.34 ±0.72 
and d = 1.22 ± 0.06 for the unweighted bisecting fit, with 
a scatter of ^ 30% (see Figure 6). As for the weighted 



regression fit, by varying the errors on Lb j in the range 
20-30% and considering a global error on M by 40%, or 
alternatively the nominal mass errors given by G98, we 
obtain that d varies in the range 1.17-1.23, again signifi- 
cantly larger than unity. 




V 10'3 b 
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Lb,,«Rv,.) / [h-^ LJ 

Fig. 6. — The relation between mass and luminosity within 
Rvir- We consider both LBj,c (top panel) and Lb^j (bottom 
panel). Heavy lines represent the linear fits: dashed lines give 
the direct and the inverse fits, while the solid line gives the 
bisecting line. The faint line is the M oc Lb^ fitted relation. 

As for the Lb ,c luminosity, the fitted bisecting line gives 
c = -1.41 ± 1.30 and d = 1.32 ± 0.11 with a scatter of 
~ 45%. The weighted analysis gives d — 1.06-1.33 and, 
again, the large scatter in the M-Lb^.c relation is not com- 
pletely justified by the assumed errors. 

6.3 The Robustness of the M-Lbj Relation 

We have discussed in § 4 the possible systematics affect- 
ing the estimates of cluster luminosities. Although we have 
shown that such systematics should not introduce strong 
biases in Lb , it is anyway worth investigating their effects 
on the M-Lsj relation, being the tendency of cluster mass 
to increase faster than luminosity a small (although signif- 
icant) effect [cf. eq.(||)]. 

As for the background corrections, we first note that, 
although the methods for their estimate for L b^ ^ and 
Lb^ f are completely independent, the two resulting mass- 
luminosity relations {M-Lb^c and M-Lb j) well agree 
both in slope and in normalization. 

An increase in the amount of mean field counts for the 
LBj,c correction has the effect of reducing more the lumi- 
nosities of poorer clusters. For instance, the use of the 
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20% larger background correction by Colless (1989) decre- 
ses the exponent d in eq.(||) only from 1.32 to 1.28. In 
order to make it consistent with unity at 2-sigma c.l., one 
has to assume that the L97 counts underestimate the true 
background by about 40%. This seems rather unlikely, 
in view of the similarity between the results by L97 and 
Maddox et al. (1990b), which are the two analysis based 
on the largest analyzed area. 

A possible way to change the slope of the M-Lb^j re- 
lation would be to have a dependence on the cluster mass 
for the depth of the redshift samples, from which the 
fractions are estimated. However, when using the homoge- 
neous subsample of 51 clusters for which the /l values are 
obtained from ENACS data (cf. § 4.1) we find the same 
M-Lsj.f relation, with slope d = 1.21. 

A larger increase of luminosities for richer clusters can 
also be the consequence of more negative a values in the 
Schechter LF which is used to extrapolate the cluster lumi- 
nosity to faint galaxy magnitudes (cf. § 4.2). For a = —1.5 
we obtain d — 1.20 and 1.28 for Lb^j and Lb^^c, respec- 
tively, while a = —1.9 is required to reconcile d with unity 
within 2-sigma c.l. However, current observations indi- 
cates that the LF can be so steep only at very faint mag- 
nitues. When using the LF model discussed in § 4.2, i.e. 
a Schechter function coupled with a power-law, we still 
find d > 1 at 2.5-3 sigma c.l. even considering the rather 
extreme case a = —1.5 and (3 — —2 for the exponents of 
the Schechter and power-law parts of the LF, respectively. 

As for the effect of possible systematic variations of the 
LF both from cluster to cluster and within each cluster, 
several works considered the dependence of the galaxy LF 
on cluster radius and found no significant changes (e.g. 
Colless 1989; Metcalfe et al. 1994; Valotto et al. 1997; 
Rauzy et al. 1998), thus in agreement with evidences that 
luminosity segregation concerns only very luminous galax- 
ies (e.g. Biviano et al. 1992; Stein 1997). A recent analysis 
of seven clusters a.t z ^ 0.15 (Driver et al. 1998) shows 
that the fraction of dwarf-to-giant galaxies depends on the 
physical region analyzed and increases significantly from 
the inner to the outer cluster region. However, we expect 
this not to represent a serious concern for our analysis, 
since our results are based on luminosities all computed 
within the physical radius Rvir- 

A relevant point in the determination of the slope of 
the M-Lb relation concerns the universality of the LF. 
Indeed, a flatter LF for less massive clusters could in prin- 
ciple reconcile the observed relation with M oc Lb^- L97 
found no clear evidence for LF variations with the Bautz- 
Morgan class, BM, or richness (see also Lugger 1986; Col- 
less 1989; Trentham 1998; and recently Rauzy et al. 1998 
for ENACS clusters). However, there is a tendency to find 
that clusters with a dominant cD galaxy and/or BM = 1, 
high richness and regular X-ray emission have flat LF (e.g. 
Dressier 1978b; Lopez et al. 1997; see however Valotto et 
al. 1997). From a recent analysis of seven clusters down 
to faint magnitudes {Mr = —16.5), Driver et al. (1998) 
found that the ratio of dwarf-to-giant galaxies decreases 
(from 3.1 to 0.8) with the mean local projected galaxy den- 



sity (cf. also Garilli, Maccagni, & Andreon 1998). This 
turns into a flatter LF in more dense environments, with 
a varying from -0.9 to -1.4. In general, the global clus- 
ter parameter which correlates with the LF slope seems 
to be the morphological type, rather than the cluster rich- 
ness (e.g., Driver et al. 1998). Indeed, there is a well 
known correspondence among different cluster classifica- 
tions, where regular clusters are usually of early Bautz- 
Morgan or Rood-Sastry types, with high central galaxy 
density and elliptical-rich systems (see Bahcall 1977 for a 
review). 

A clear evidence for a correlation between cluster regu- 
larity (or density) and mass has been not found to date, 
although indications in this direction have been provided, 
for instance, by the correlation between regularity and X- 
ray luminosity (e.g. Forman & Jones 1982 for a review). 
Therefore, if any, the effect of a correlation between cluster 
mass and LF slope would go in the direction of increasing 
the slope d of the M-Lb^ relation. 

Finally, we consider the possibility that cluster substruc- 
tures can contribute to increase the scatter or to change 
the slope of the M-Lsj relation. We extract only those 54 
clusters for which the significance for the presence of sub- 
structures is < 90%, according to a Dressler-Schectman 
test (Dressier & Schectman 1988) applied to the reference 
redshift samples of G98. We find consistent results for 
the slope of the M~Lb relation and no reduction of its 
scatter. 

7 DISCUSSION 

7.1 The L-ay Relation 

Our result that Lb^ oc , for Lb^ estimated 

within the virialization radius Rvir, can be compared to 
previous determinations, at least for those cases where 
luminosities are measured within some physical radius. 
Schaeffer et al. (1993), who used the total cluster lumi- 
nosities by West, Oemler, & Dekel (1989), found Ly oc 
^i.87±o.44_ Adami et al. (1998a), who estimated luminosi- 
ties within a square of 10 core-radii of diameter, found 
Lb^ oc a}'"^^ but with a large scatter. Steeper relations 
are found for a variety of smaller systems, e.g. Ly oc a^-^ 
for globular clusters (Paturel & Garnier 1992), Lb oc a^'^ 
for dwarf ellipticals (Held et al. 1992), and L oc cr^'^^^ 
for ellipticals (e.g. Faber & Jackson 1976; Dressier et al. 
1987). 

Some authors, by analyzing clusters in analogy with el- 
liptical galaxies, found a relation betwen luminosity, clus- 
ter size R and velocity dispersion of the type L oc R^a^ . 
Typical values for the parameters defining this cluster fun- 
damental plane range in the intervals A — 0.9-1.4 and 
B = 0.9-1.3 (Schaeffer et al. 1993; Adami et al. 1998a). 
Since for a virialized structure we expect its scale to be 

proportional to the internal velocity dispersion, the above 

1 ^^— 9 7 

scaling relations would traslate into L oc ' thus 

in agreement with our findings. A detailed fundamental 
plane analysis for our cluster sample will be deserved to a 
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forthcoming paper. 

1.2 The M-L Relation 

One of the main resuhs of our analysis is that mass has 
a slight, but significant, tendency to increase faster than 
the luminosity. In particular, we find that M oc L^" 
which translates into a M/Lsj variation of a factor of 2-3 
from poor to rich clusters. Again, this result can be re- 
lated to those inferred from the analysis of the cluster fun- 
damental plane. In fact, assuming the virialization state 
and internal structure of all clusters to be identical, Scha- 
effer et al. (1993) found that M/Ly oc L^^ and Adami et 
al. (1998a) showed that M/Lb^ oc ay (i.e. oc M^^^ for the 
mass contained within the virialized region, cf. G98). In 
general there is no evidence of correlation between M/L 
and cluster properties (e.g. Dressier 1978b; Carlberg et 
al. 1996; Fritsh & Buchert 1999; see, however, Adami et 
al. 1998b, who found a correlation with a^). Due to the 
small size of the effect we detected, it is clear that it can 
be seen only in a rather large cluster sample spanning a 
large dynamical range. 

In § 6.3 we verify the robustness of the M-Lb^ against 
possible systematics. Here we analyze the possibily that 
the fitted slope might be completely driven by the kind 
of photometry of our sample. Since late type galaxies are 
bluer than early type galaxies, a possible over- abundance 
of late-type galaxies in poor clusters could flatten the ob- 
served relation between masses and luminosities coming 
from V or R photometry. 

It is well known that the late-type galaxy fraction de- 
creases with the local density (Dressier et al. 1980) and 
increases with the distance from the cluster center (Whit- 
more, Gilmore, & Jones 1993). Since, as already dis- 
cussed in § 6.3, there is no well established correlation be- 
tween cluster density and mass, it is difficult to establish a 
morphology-richness correlation. In fact, Whitmore et al. 
(1993) found that the behaviour of morphology vs. radius 
is independent of cr„ . However, if we assume that this rela- 
tion does indeed exist and poor clusters are really spiral- 
richer, we can attempt a simple calculation of the effect of 
working with R photometry instead with B one (since we 
use Bj instead of B the true effect would be also smaller) . 
Since Bq = 5.48 and Rq = 4.31 (Allen 1973) and being 
{B — R) ~ 1.5 for early type galaxies and (B — i?) ~ 1 
for spirals of de Vaucouleurs type 5 (Buta et al. 1994 
and Buta & Williams 1995), we find that Lfj = 1.3L% for 
luminosity of early-type galaxies and = 0.8Lg for lu- 
minosity of late type galaxies. Then, when assuming that 
typical galaxy luminosities in clusters are roughly com- 
parable for early and late type galaxies (e.g. Sandage, 
Binggeli, & Tammann 1985; Andreon 1998) and that the 
ratio between early-to-late type galaxies goes from 3.5 to 1 
for spiral-poor and spiral-rich clusters, respectively (e.g. 
Oemler 1974), we obtain Ln ~ 1.20Lb and Ln ~ 1.05Lb 
for spiral-poor and spiral-rich clusters, respectively. Even 
assuming that these different conversions must be applied 
to clusters whose mass is larger and smaller that the me- 
dian value, respectively, we obtain M oc Lj^ with d > 1 at 



2.5-sigma c.l. 

Therefore, although we suggest that a conclusive result 
could be found only by directly analyzing other samples in 
different magnitude bands, we find at present no evidence 
that our mass-dependent M/L relation can be explained 
by a higher spiral fraction in poorer clusters. 

7.3 The M/L ratios 

Median values of M/Lb^ are found to range in the in- 
terval 230-250 hAlQ/LQ , thus in good agreement with 
recent estimates (e.g. David et al. 1995) and definitely 
lower than older estimates (cf. Faber & Gallagher 1979). 
Our M/Lbj ratios are smaller than those by Adami et 
al. (1998b). Since their luminosities are comparable to 
ours, this difference is due to the smaller masses fund by 
G98. Our M/Lbj ratio agrees with that by Carlberg et al. 
(1996, M/Lr ^ 300), whose optical virial masses are have 
been shown to be consistent with X-ray masses (Lewis et 
al. 1999; note that the change of luminosity due to evo- 
lutionary effects roughly cancels the change of luminosity 
betweeen R and B bands). 

The assumption that M/L within clusters is typical of 
the Universe as a whole leads to an estimate of the matter 
density parameter (hereafter {U,m)M/L)^ *-g- Bahcall 
et al. 1995; Carlberg et al. 1996), which has the advantage 
of being independent of the value of Hq and of the presence 
of a cosmological constant. Estimates of the _B-band lumi- 
nosity density gives pL — 2x lO^/iL© Mpc~^ (Efstathiou, 
Ellis & Peterson 1988; Zucca et al. 1997; Loveday, Tresse 
& Maddox 1999), which corresponds to the M/Lb closure 
value of ~ 1350 h Mq / Lq . Although we take this value 
in the following as the reference one, we remind that its 
determination is quite sensitive to uncertainties in the lo- 
cal galaxy luminosity function (cf. Marinoni et al. 1999). 
With the above value for the closure M/Lb, we obtain 
{^rnjM/L ~ 0-2, in agreement with recent determinations 
of ilm based, for instance, the M/L ratio of distant CNOC 
clusters (Carlberg et al. 1996), on the gas fraction within 
clusters (e.g. Evrard 1997) and on combining high z SN/a 
data with preliminary measurements of small scale CMB 
anisotropics (e.g. Tegmark 1999). 

As already noted by Rees (1985), an increase of M/L 
with the scale of the collapsed structure within which it 
is estimated can in principle reconcile the observed cluster 
M/L values with Vim = 1- This could be possible in the 
framework of biased galaxy formation (e.g. Kaiser 1984; 
Bardeen et al 1986) and, indeed, various physical mech- 
anisms could produce large-scale variations in the con- 
version efficiency from baryons to luminous galaxies (e.g. 
Rees 1985; Blumenthal et al. 1984; Dekel & Rees 1987) 
leading to (f^m)M/L ^ ^m- Although the difference be- 
tween eflSciencies of gas conversion into stars for field and 
clusters is not yet precisely known, reconcilying such low 
M /L values with a critical density Universe would require 
a difference in such efficiencies by at least a factor three. 
Furthermore, the mild increase of M/ L with cluster lumi- 
nosity that we find is more consistent with a low-density 
and low-bias model, rather than with a high-bias critical- 
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density model. 

8 SUMMARY AND CONCLUSIONS 

We analyze a sample of 105 galaxy clusters for which 
Girardi ct al. (1998b, G98) computed virial masses, all 
having available galaxy magnitudes with some degree of 
completeness. In particular, our main result on the clus- 
ter mass-to-light ratio are drawn from a subsamplc of 89 
clusters with Bj band galaxy magnitudes taken from the 
survey of COSMOS/UKST Southern Sky Object Cata- 
logue (Ycntis ct al. 1992). Photometry for other clusters 
is provided at different magnitude bands. 

After suitable magnitude corrections and uniform con- 
versions to the Bj band, wc compute cluster luminosities 
within several clustercentric radii, 0.5,1.0,1.5 Mpc, 
and within the virialization radius Rvir- To this purpose, 
we use the results by Lumsden ct al. (1997, L97) on the 
luminosity functions and galaxy counts for the EDSGC, 
which is the well-calibrated part of the COSMOS cata- 
logue. 

We analyze the effect of several uncertainties con- 
nected with original photometric data, our correc- 
tions/conversions of galaxy magnitudes, fore/background 
subtraction, and extrapolation below the completeness 
limit of the photometry. In particular, we find an over- 
all agreement between luminosities computed by applying 
two independent methods of fore/background correction, 
one based on mean galaxy counts, is^.o and one taking 
into accounts the local cluster field, Ls^.f- We find that 
both random and possible systematic errors on luminosi- 
ties are about 20 — 30%. We compute and list M/L ratios 
for the 105 clusters. 

In order to examine the relations between cluster lu- 
minosities and dynamical quantities we consider only the 
homogenous sample (C sample) taken from the COSMOS 
catalogue. In this way, we avoid possible errors connected 
to magnitude band conversions and have the advantage of 
dealing with a well defined magnitude completeness. Us- 
ing the COSMOS magnitudes is also consistent with our 
choice to use the L97 results on luminosity function and 
galaxy counts in the luminosity calculations. Cluster lu- 
minosities are computed within the virialization radius for 
all clusters. 

Our main results can be summarized as follows. 



(a) We find a well-defined correlation between cluster 
luminosity and galaxy velocity dispersion, L rx , 
with a scatter of ~ 15% and 25% for LbjJ and LBj,c, 
respectively. As expected the luminosities Lb^.j based on 
a local field correction shows smaller random errors than 
Lb/.c, which is based on a mean field correction. 

(b) Different methods to estimate luminosities provide 
median mass-to-light ratios with typical values M/ L Bj ~ 
230-250 KMq/Lq . We do not find any correlation of 
M/Lbj with cluster morphologies, i.e. Rood-Sastry and 
Bautz-Morgan types, and only a weak significant correla- 
tion with cluster richness. 

(c) We find a good correlation between cluster luminos- 
ity and mass. In particular, mass has a slight, but sig- 
nificant, tendency to increase faster than the luminosity 
does, M oc The scatter is - 30% and - 45% for 
LbjJ and Lbj,c, respectively. We verify the robustness of 
this relation and show that the M oc Lb^ relation is very 
difficult to be reconciled with available data. 

Finally, by using a simple approach, we verify that the 
tendency of mass to increase faster than the luminosity 
cannot be explained by a higher spiral fraction in poorer 
clusters. Therefore, we suggest that a similar result should 
also be found when analyzing a cluster sample with R band 
galaxy magnitudes. However, a more conclusive result on 
this point should wait for a direct analysis of R band mag- 
nitude samples. 
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